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Abstract

The aeroheating characteristics tife X-38 Revision 3.tonfiguration
have been experimentally examinedtlie Langley20-Inch Mach 6Tunnel.
Global surface heat transfer distributions, surface streamline pattanssshock
shapes were measured on a 0.0362-scale model of a proposed Space Station Crew
Return Vehicle at Mach 6 iair. Parametricvariations include angles-of-attack
of 20° 30° and 40; Reynolds numbenrsased onmodel length of 0.9 to 3.7
million; and body-flap deflections of020° 25°, and 30. The effects of discrete
roughnesslements, whiclincludedtrip height, location, sizeand orientation,
as well as multiple-tripparametrics, wereinvestigated. This document is
intended toserve as a quickelease ofpreliminary data to the X-38 program;
analysis is limited to observations of the experimental trends in ordexgedite
dissemination.

Introduction

The International Space Station is currently scheduled to be fully operational by June, 2002, ushering in a new
era of space exploration and space-based scientific research. céthplete, the Spacgtation will bepermanently
occupied by a crew adix, which will, at least initially, rely ompermanentlydockedSoyuz spacecrafts to serve as
escapé€iifeboats” in case of an emergencylThe Soyuz utilizes a “ballisticteentrywhich allows forlittle cross-
rangecapability and maneuverability. In the event ofraedical emergencyhe Soyuz may béorced toloiter in
spacewhile seeking a ballistic entrgorridor that will allow touchdown inthe vicinity of appropriatemedical
facilities. A crew return vehiclbased orifting body technologycould takeadvantage ofhe inherentross-range
capability to minimize on-orbit loiter time. AandidateAssuredCrew Return Vehicle (ACRYV) haseendesigned
based on a derivative dtie circa 1960 X-23/X-24Alifting body configurations. (Se&ef. 1 and 2 for detailed
descriptionsand flight tests results from the X-23, also known as SV-5D PRIMIBd X-24A programs,
respectively.) A sketch comparing tbi#ferencesbetweenthese two configurations is shown kig. 1. A full-
scale, unpiloted flight test vehicle prototype, designated the X-38 (and has been also referred to @anRCRS),
is currently being designed for a spdiight test in early 1999. References &and 4provide additional detail about
the X-38 program and results.

This report presents the preliminary resultswohd tunnel tests T673%nd T6739, conducted inthe NASA
Langley Research Center (LaRC) 20-Inch Mach 6 Tunnel during Deceb@®, and January, 1997, in support of
the X-38 program. The purpose of these tests was to investigatertiteeating characteristics of a proposed X-38
configuration (designated as Revision 3.1) and to examine the effdiscafteroughness elements on thédward
surface boundariayer. Preliminary trajectory informatiofprovided byChuck Campbell of JSC) ipresented in
Fig. 2 and shows that the flight vehicle would experience a length Reynolds numBerb@@ed on &ody length
of 23-ft, of roughly 4 million at dreestream Macimumber of 6. These conditioean be simulated ithe LaRC
20-Inch Mach 6 Tunnel which has a,Range of 0.4 to 6.7 million for a model length of 10-in (thus the model is a
0.0362-scale of the 23-ft long flight vehicle). Tdsthniquesthat were utilized during theseests include
thermographic phosphors which provides glohafaceheating images, oil-flow whiclprovides surfacstreamline
information, and schlieren which provide shock system details. Parametrics included in theserédbtseffect of
angle of attackq of 2¢°, 3¢, and 40), Reynolds number (Re/ft between 1 and 6 million), body digftections §,,
of 0°, 2¢¢, 25°, and 30), and discrete roughness elements (which included height, location, orieraatom,ltiple-
trip effects). The discreteroughness parametriggere included inthese tests t@rovide information to develop a
roughness transition correlation for the X-38 vehicle which woulditpdar to that which wagstablished for the
Shuttle Orbiter (Ref. 5) and would be used to provide surface roughness tolerances for the flight vehicle.

Nomenclature

M Mach number
Re unit Reynolds number (1/1t.)



Reynolds number based on body length

Py
oD

model angle of attack (deg)

o1 Q
g

body flap deflection (deg)

pressure (psi)

temperature°R)

longitudinal distance from the nose (in)

axial distance from the centerline (in)

height above the waterline (in)

reference length of model (10.25 in)

reference beam of the model (5.01 in)

heat transfer coefficient (Ibnffsec), =q/(H, - H,,) where H,,= H,
reference coefficient using Fay-Ridell calculation to stagnation point of a sphere
heat transfer rate (BTU#sec)

enthalpy (BTU/Ibm)

roughness element height (in)

> O O NX X 4 ©

-
Pyl

roughness element diagonal width (in)

Os = zIa=o

roughness element orintation (deg)
Subscripts

00 freestream static conditions

t1 reservoir conditions

t2 stagnation conditions behind normal shock
aw adiabatic wall

w model surface

Test Facility

The present experiment was conducted in the LaRC 20-Inch Mach 6 Tunnel (a schematic is prdvige®)in
A detailed description of this hypersonic blowdown facility which uses heated, dried, and filtered air as the test gas, is
provided by Miller (Ref. 6). Typical operating conditions for the tunnel are stagnation pressures ranging from 30 to
500 psia, stagnatiotemperatures from 780to 1000R, andfreestreamunit Reynolds numbers fror@.5 to 8
million per foot. A two-dimensionalontoured nozzle isised to providenominal freestream Maclmumbersfrom
5.8 to 6.1. The test section is 20.5 by 20 inches; tiozzlethroat is 0.399 by 20.5 inch. Aottom-mounted
model injection system can insert models from a sheltered position to the tunnel centerline in less than 0.5-sec. Run
times up to 15 minutes are possible with this facility, altholagtthe current heat transfeandflow visualization
tests, themodel wasexposed tothe flow for only afew seconds. Flow conditionswere determinedrom the
measured reservoir pressure and temperature and the measured pitot pressure at the test section and were compared to a
recent unpublished calibration of the facility.

Test Techniques

Surface Heating

The rapid advances in image processing technology which have occurred in recent years have made digital optical
measurement techniques practicaktie wind tunnel. One such optical acquisition method is two-cadlelative-
intensity phosphor thermography, see Refs. 7ar8l 9, (adiagram isshown in Fig. 4)which is currently being
applied to aeroheating tests in the hypersonic wind tunnels of NASA Langley Research Center (for example, see Ref.



5, 10, or 11). With thigechnique, ceramic wintlinnel modelsare fabricated and coatadth phosphorswhich
fluoresce in two regions of the visible spectrum when illuminated with ultraviolet light. flddrescenceantensity
is dependent upon the amountindidentultraviolet light andthe localsurface temperature die phosphors. By
acquiring fluorescence intensity images with a color video camera of an illuminated phosphoexpodetl to flow
in a wind tunnel, surface temperature mappings can be calculated on the portions of the modakvihitie field
of view of thecamera. A temperature calibrationtbe systemconductecprior to the studyprovidesthe look-up
tables whichare used taonvert the ratio of thgreenandredintensity images to globakmperaturemappings.
With temperature images acquired at diffetamies in awind tunnel run, global heatansferimagesare computed
assuming one-dimensional heat conduction. The primary advantagetettinigue isthe global resolution of the
guantitative heat transfer data. Such data can be used to identify the heating footprint of dbnepleimensional
flow phenomena (e.g., transition fronts, turbulemidges, boundary layeortices, etc.) thatre extremely difficult
to resolve bydiscretemeasurement technique®hosphor thermography is routinalged inLangley's hypersonic
facilities as quantitative global information jgovided by models thatcan befabricatedmuch quicker andmore
economically than othe€mmore conventional” techniques. Recent comparisons of traasfer measurements
obtained from phosphor thermography to conventional thin-film resistance gauges measurements §R&fCED
predictions (Ref. 12) have shown excellent agreement.

Flow Visualization

Flow visualizationtechniques, in the form of schlieremd oil-flow, were used tocomplement thesurface
heating tests. The LaR@0-Inch Mach 6 Tunnel i®quippedwith a pulsedwhite-light, Z-pattern, single-pass
schlieren system with a field of view encompassing the entire 20-in test core. Mwergescorded on70-mm film
and digitally scanned for incorporation this report. Surfacestreamline patternaere obtainedusing the oil-flow
technique. Backup ceramic models were spray-painted black to enhance eatitrdsé whitepigmentedoils used
to trace streamline movement. A thiasecoat of cleailicon oil was firstapplied tothe surfacethen a mist of
medium-sized pigmented-oil drops was sprayed onto the surface. After the model surface was prepared, the model was
injectedinto the airstreamandthe development othe surfacestreamlinesvererecordedwith a conventionabideo
camera. The model wasetractedmmediately following flow establishmemindformation of streamline patterns,
and post-run digital photographs were recorded with a Kodak high-resolution camera.

Model Description

The X-38 model dimensiorareshown in Fig. 5. Arapid prototyping techniquewas used tobuild a resin
stereolithography (SLA) model with various, detachable lower-surface body flaps. The lower surface bdugvéaps
separate left and right sections (with a flow-through gapeitween)hat, for the flight vehicle,are intended to be
symmetricallydeflectedfor pitch control ordifferentially deflectedfor lateral aerodynamiccontrol. To simplify
model construction, the body flaps weredeled asvedges, as oppossed deflectedflaps of finite wall thickness.

The SLA model wasthen usedwith the variouswedgebody flaps as a pattern to caséveral ceramianodel
configurations. Figure 6 is a photograph of them@del configurationshat were cast with the varioubody flap
deflections. The model designation numbers for these 6 models, including both primary “A” models used for heating
and back-up “B” models usddr flow visualization,arelisted in Table 1 along with theindward surface contour
measurement accuracieslwo casts ofeach configuration were madewith the primary ceramic shell being
immediatelypreparedor testing (backfilled and phosphorcoated) andhe back-upshell held in reserve, in case of
problems with the primary. Once the phosphor testing was completed, the backup weoeedpray-coatedith a

thin black glazing (to seal thsurface),final fired in the kiln, and then back-filled for use as the oil-flow and
schlieren models. Thsurface contour accuracieslisted in Table 1were determinedrom Quality Assurance
measurementsising a Brown and Sharpe Series 730CQoordinate Measurement Machirfeith quoted linear
accuracies orthe order of 0.0003 in. orbetter) and correspond tothe difference betweenthe actualsurface
measurement for each model and the original CAD geometry for the windward surface centerline. The values shown
in the four “Surface Accuracy Measurements” columns of the table correspond to weighted-averaged surface accuracies
over the first four 20% segments of thmdels’ windward surfacegthe surface accuracy dhe final 20% segment,

which covers the body flap region, is incorporated in the bodydidlection accuracies)The body flap deflections

were generally found to be accurate to withindeg.

In order to obtain accurate heat transfer data using the one-dimensional heat conduction equationeedddels



be made of a material with low thermal diffusivity and well defined, uniform, isotropic thermal properties. Also, the
models must be durable for repeated usth@wind tunnelandnot deformwhen thermallycycled. Tomeetthese
requirements, a unique, silica ceramic investment slip casting method hatebeleped angatentedRef. 13). A
hydraulically setting magnesia ceramic was used to backfill the ceramic shell, thus providing sindisgibport to

the sting structure. The models were tleeatedwith a mixture of phosphorsuspended in a silica-basedlloidal

binder. This coating consisted ofbal mixture of lanthanunoxysulfide (Lg02S) dopedwith trivalent europium

and zinc cadmium sulfide (ZnCdS) doped with silver and nickel in a proprietary ratio. The coatings typically do not
requirerefurbishment betweeruns in thewind tunnelandhave beemeasured to bapproximately 0.00linches

thick. Figure 7 shows photographs of one of the models installed in the 20-inch Mach 6 Tunnel. The final step in
the fabrication process is to apply fiducial marks along the body to assist in determining spatial lacaticatsly.

The fiducial marks used for the present study are shown in a skekih.ir8 andthe non-dimensional locations are
listed in Table 2. The fiducial marks along the centerline designated with the ‘l&tetisrough“E” correspond to

the roughness element locations.

The roughness elements used in this studse similar to themethodused inRef. 5 whichwere fabricated to
simulate araised Thermal ProtectionSystem (TPS) tileand werecut from 0.0025-inch thick Kapton tape.
Variations on the roughness heights \§igre obtained bystacking multiplelayers of Kapton tape (k 6.0025,
0.0050,and0.0075-inch). Roughness elemefabricatedfrom Kapton tapewere easily applied tothe various
locations of interest on thmodel without adversely affectinghe phosphor coating. Kapton tape wdmsen
through a trial and error process based on the ease of fabrication and application of the roughness elements, as well as
the durability of the material (and adhesive) to heat and shear stress loading. The stileulateghnesslements
were placed directly over the various fiducial marks which were previously located on the model. Preségtel in
is a sketch of a typical trip showing dimensicargl orientation. A variation in roughness element width was
investigated, ranging from the small sizes used in Ref. 5 to the approximate-size scaled fid?$haleX-38flight
vehicle (0.050, 0.100, 0.200and 0.400-inch square). Also, the orientation of the roughness elements was
investigated, in 15increments ranging fronf@o 45. A few multiple trip configurations were also tested #mese
areshown in Fig. 10. The numbersassigned tahe multiple trips shown in Fig. 1€orrespond tathe numbers
listed in Table 4 under the “Multiple Trip Configuration” column.

Test Conditions

The LaRC 20-Inch Mach 6 Tunnel provides a freestream unit Reynolds number varigli@ntof 8.0 million
perfoot. For a 0.0362-scale model, thgsrresponds to Eength Reynolds number of approximately 0.41 to 6.7
million. For the baseline data, the model angle of atteigkwasvariedfrom 20 to 40 in 10° incrementsand the
sideslip was maintained at zero for all the runs presented herein. Flow conditions, including run-to-run repeatability,
are presented ifable 3. Foreach modetonfiguration, the unit Reynolds number wasied between land 4
million to obtain the smooth baseline data for comparison to the tripped data. The investigation of the effect of trips
was conducted at = 40° only. For the transition testing, the tunnel stagnation pressure and temperature were varied
over a series of runwith the roughness element firmbpplied tothe location of interest. This waione to
determine the maximum Reynolds number whith maintained laminar flow (the “incipientalue, if Bertin's*
vernacular is adoptedfie Reynolds numbewhere significant non-laminar flow firsappears downstream of the
roughness element (“critical”), and finally the minimum Reynolds numiberethe transition front idixed at the
roughness element (Bertin’s “effective” value).

Data Reduction

Heating ratesvere calculatedrom the globalsurface temperatumaeasurementsising one-dimensional semi-
infinite solid heat-conduction equations, as discussed in detail in Refs. 8 and 9. Based on consipplesgiard in
Ref. 9, phosphor system measurement error is believed to be betteéB#bamvith overall experimentalncertainty
of £15%. Heating distributionare presented iterms of the ratio oheat-transfer coefficients /R, where hy
corresponds to the stagnation-point heating to a sphere with radius 0.4344-in (a 1-ft radius sphere scaleddb the
size)andwas calculated based ottne theory of FayandRidell’>. Repeatability for th@ormalized centerlindieat
transfer measurements was found to be generally bettet #8%an



Results

Surface Heating

The phosphor thermography data was acquired in December, 1996, duriiy 3®st The run log, whichsts

the parametricghat were investigated durind80 runs, ispresented inTable 4 andthe resulting global heating
imagesare shown in chronologicabrder byrun number inAppendix A. All the imageswere acquiredwith the
camera perpendicular to the model. General observations which can be made based on the baseline images are:

@

2

3)

(4)

®)

Asa increases from 20to 40, heating to thevindward surfaceincreases. (For examplegeRun # 164
fora = 2, Run # 146 fo = 3¢, and Run # 12 foot = 4C.)

As Re increases, the heating ratio-h/lmemains relatively constant over théndward surfacefor laminar
conditions. (For example, see Runs # 9 through 12)

As the body flapdeflection increaseghe inducedflap separation/reattachmemibducedsignificant heating
levels on the body flap which were strongly affected by bo#nd Re; the highest flap heating case (Run #
19) was fora = 40, Re,/ft = 4.4 million, andd,; = 3¢ and hadocal regions of heating thaixceeded the
reference value (corresponding to a strong shock impingement).

Separation in front of theeflectedbody flap was generallyfixed at the start of thewindward surface
expansion region at x/L = 0.7. (See, for examRen # 174for a = 20, Run # 153for a = 3C, and
Run # 19 fora = 4C.)

Differentially deflectedflaps did not promote any significant crosstalk heating. (For exangdmpare
Runs 24 and 27.)

General observations which can be made basettie@boundary-layetransition images (Runs 32 throu@B0)

obtained att = 4Q are:

@

o)

3

(4)

®)

©)

@)

(8)

The roughness elemerdnadlocations thatwere used wersuccessful in promoting transition forwvede
range of Reynolds numbers.

The turbulent wedge, resulting from a roughness eleplaced onthe windward centerline, was a useful
way of determining if thenodel was installedvith a small amount offaw or roll, as anasymmetric
turbulent wedge implies a model attitude mis-alignment. (For example, compare Rand333 Run 33
had a subtle amount of roll of the “dog-leg” strut used to hold the model atdpera which promoted a
less than 0.50f yaw to the model.)

Turbulence on the forebody redudeath the size of theeparation regioandthe reattachment heating on
the flap, in the localized region that is affected by the trip. (For example, compare Runs 23 and 124.)

As the trips moved closer to the nose, the turbulent wedge behind the trip became harder to keep symmetric,
most likely due to slight misalignmengssociatedvith the trip coupledwith the lateral pressurgradient
near the nose. (For example, see Runs 69 through 87.)

Theforward most trip station (Station A, x/L = 0.02) was thardestlocation to trip. (Forexample,
compare A-trips, Runs 83 through 87, to B-trips, Runs 67 through 82.)

Trip effectivenesdid not appear to change drastically #tee width of the trip element wascreased.
(Compare Runs # 107, 113, 117, and 120.)

The orientation of the trip was important, with & 4%p being the most effectivandthe O trip being the
least effective. (Compare Runs # 119, 126, 128, and 129.)

Multiple roughness elemendid not appear topromote transition any momffectively than a single trip
element. (Compare Runs # 119, and 130 through 136.)



Flow Visualization

The flow visualization tests (both shock shajes surfacestreamlineswere acquiredsimultaneously)were
performed in January, 1997, during Test 6739. The run log, which shows the 12 run maméserged in Table
5. The schlieren images and oil-flow movement imageshown in chronologicabrder in Appendices Band C,
respectively. Generalobservations on flow phenomenon whitdn bemade based othe schliererand oil-flow
movement images are:

Windward Inflow/Outflow

1) Asa increases from 3o 4C, outflow (spreading of theurfacestreamlines) increas¢seeRuns 6and 7
of Appendix C). Fo =20 (Run # 8), inflow of the windward surface streamlines was indicated.

(2) Changes in Re had little effect on inflow/outflow of surface streamlines (Runs 3, 1, and 2).
Windward Separation/Reattachment

@ With the body flap deflected, the surface streamlines indicate the onset of separation at the expansion region.
Both the separation and reattachment compression shoeksident inthe corresponding schlieren image
(for example, see Run # 5).

2 As O increases from 2o 4C, the separation region appears to decrease slightly (for exampRusee#
9, 5, and 1 of Appendix C).
3) Likewise, as Re/ft increases from 1.1 million to #illion, the separation regiodecreaseslightly (see

Runs # 3, 1, and 2 of Appendix C).

4 For the body flapmeflections tested, turbulence the forebody(asindicated bythe corresponding heating
cases) did not appear to eliminate the separation region (see Runs # 2 and 11 of Appendix C and Run # 124
of Appendix A).

(5) On Run #11, a trip on theindward surfacepartially peeledoff during the run. Theschlieren image
captured the disturbance wave that was createtthibynowlarge protuberance, whidghen reflectedoff the
bow shock into the body flap area. The deflected disturbance was not picked up in the oil-flow.

Canopy Separation/Reattachment

(@) An imbeddedshock or compressiowave appears temminate from the canopy region in thehlieren
images fora = 20° and 30 (for example, see Runs # 8 and 6).

2 As O increases, the separation/vortex region around the base of the cqpaays to beconless distinct
(for example, see Runs # 9, 5, and 4 of Appendix C).

Leeside Vortex

@ A leeside vortex reattachmdnte is formedalong thecenterline betweethe canopyandthe leesideflap,
which, again, appears to becotess distinct withincreasinga (for example, se®uns # 9, 5and 4 of
Appendix C).

2 The surface streamlines indicate that the leeside vortices impinge on the upper surface body fragfat

(Run 9), a stagnation poirggppears orthe center ofthe leesidefin; while ata = 40 (Run 4), two
reattachment lines appear on either side of the center stagnation point.

3) The Reynolds number effect on the leeside vortices could not be determined from these images.
Fin Upwash
@ Highly three-dimensional flow was evident on théboard surfacetreamlines of the wing/fin which was

stongly dependent am (for example, see Runs # 8, 6, and 7 of Appendix C).

2 At o = 2@ (Run # 8), thesurfacestreamlines along the fileadingedgeappear to benoving from the
leading edge towards the trailing edge, whilaat 40° (Run # 7), the fin upwash dominates sticht the
surface streamlines are curving up towards the leading edge.



3) The surface streamlines are diverted around the leading-edge wing/body fillet for the angsteél, which
suggests that this juncture is a region of high pressure. Far the20° caseonly, this regionappears to
be the source of the embedded shock that is evident on the leeside of the schlieren image of Run # 8.

4 At a =20 (Run # 8), a low shear region appears in the middle of the outboard section of the fin.

(5) At highera'’s, the flow over the fixeddeflected rudderappear toeminate from thevindward surface (see,
for example, Runs # 6 and 7 of Appendix C).

Conclusions

An experimental investigation of threeroheating characteristics for a propo¥ed@8 configuration (Revision
3.1) has been conducted in the LaRC 20-Inch Mach 6 Tunnel. Phosphor thermograpisgdvizs provideylobal
heating images of thevindward surfacefor a variety of angles-of-attack, Reynoldsimbers,and body flap
deflections. Additionally, the effect of discrete roughness elements was investigated #8F, which includedtrip
location, height, width, and orientation parametrics. démheatingesultswere complementedvith schlieren and
oil-flow images which provided shock-shape and surface streamline information. As this repiotended to be a
“quick-release” ofthe experimentatlatafor review bythe X-38 program, analysis was limited to observations of
experimental results.
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Table 1. Model configurations and windward surface accuracies.

N

Model Body Flap Deflections (Deg) Surface Accuracy Measurements (in.)
Designation Oger [ 0.0<x/L<0.2 | 0.2<x/L<0.4[ 0.4<x/L<0.§ 0.6<x/L<0.8
A-1 0 0 +0.011 +0.012 +0.015 +0.019
A-2 20 20 +0.019 +0.011 +0.013 +0.019
A-3 25 25 +0.023 +0.010 +0.012 +0.015
A-4 30 30 +0.028 +0.014 +0.015 +0.026
A-5 20 25 +0.027 +0.011 +0.015 +0.012
A-6 0 25 +0.018 +0.015 +0.015 +0.012
B-1 0 0 +0.018 +0.010 +0.012 +0.027
B-2 20 20 +0.018 +0.010 +0.015 +0.019
B-3 25 25 +0.018 +0.011 +0.015 +0.030
B-4 30 30 +0.015 +0.011 +0.015 +0.017
B-5 20 25 +0.019 +0.010 +0.015 +0.026
B-6 0 25 +0.017 +0.011 +0.015 +0.029

body flaps accurate til deg accuracies listed above are weighted-averaged for each seci
Table 2: Trip locations and fiducial marks.
See Fig. 8 Fiducial x/L y/b z/L
Windward A/l 0.02 0 -
trips B 0.1 0 -
C 0.2 0 -
D 0.3 0 -
E 0.5 0 -
Windward 2 0.25 0 -
3 0.55 0.25 -
4 0.55 -0.25 -
5 0.68 0 -
Leeward 6 0.02 0 -
7 0.25 0 -
8 0.55 0.25 -
9 0.55 -0.25 -
10 0.68 0 -
Port 11 0.02 - 0
12 0.25 - 0
13 0.68 - 0
14 0.92 - 0.17




Table 3: Nominal flow conditions and run-to-run repeatability for 20-Inch Mach 6 Tunnel.

Re, (x10°/ft) M., P, (psi) T. CR) H, (BTU/Ibm) P, (psi)
1.16+2.5% 5.880.03% 60.32.3% 880.80.4% 211.720.4% 1.951.5%
1.60t1.7% 5.9@0.02% 85.41.5% 885.720.5% 213.30.6% 2.7%1.1%
1.87#1.6% 5.920.03% 101.22.1% 894.80.3% 215.20.3% 3.191.9%
2.24:1.5% 5.940.02% 125.21.2% 906.30.5% 218.30.5% 3.881.1%
2512.3% 5.950.03% 140.22.0% 905.80.8% 218.80.8% 4.331.7%
2.76t5.5% 5.9530.06% 155.54.4% 906.30.7% 218.%0.6% 4.76
3.20£1.0% 5.960.01% 181.31.0% 906.20.3% 218.30.3% 5.5@0.9%
3.731.9% 5.9%0.01% 211.91.1% 906.70.8% 218.20.8% 6.461.1%
4.42:2.1% 5.980.02% 252.21.2% 907.20.8% 218.40.9% 7.5%1.4%
5.52 6.00 329.7 929.4 223.9 9.81
6.71 6.01 402.2 928.6 223.6 11.86
Table 4: Run log for Test 6735 conducted in LaRC 20-Inch Mach 6 Tunnel.
Run| Date Time | Mode|] AOA Re | P T, Trip O NotesO
(1996) deg | x10ft| psi R Locatio k, in | W, in 0O,deg Multiple

1 11/6 A6 | 40| 1 60.0| 885 ESP run only

2 11/6 A6 | 40| 1 60.0| 885 ESP run only

3 11/6 A6 | 401] 1 60.0| 885 ESP run only

4 11/6 A6 | 40| 1 60.0| 885 ESP run only

5 11/7 A6 | 401] 1 60.0| 885 ESP run only

6 11/7 A6 | 40 model injec run only

7 11/7 A6 | 0] 2 125.Q 910 ESP run only

BASELINE DATA FOR ALL 6 MODELS AT AOA = 40

8 11/7 A6 | 0] 1 60.0| 885

9 11/7 | 21:30] A1 | 40 ] 1.14 ) 59.4 | 880.0

10 J11/7 | 22:10] A-1 | 40 | 2.23| 125.0] 906.9

11 | 11/7 | 22.40] A1 ] 40] 4 250.0 910 lost FC, use calibrations

12 | 11/7 | 23:00] A1 ] 40 ] 4.38] 250.3] 907.9

13 J11/7 | 23:10] A-1 | 40 ] 6.71| 402.2] 928.5

14 J11/8 | 18:10] A2 | 40| 1.12| 58.7 | 880.9

15 ] 11/8 | 18:45] A2 | 40 | 2.22| 124.5] 906.5

16 | 11/8 | 20:10] A2 | 40 | 4.39] 250.6] 906.5

17 J11/8 | 21:15] A4 | 40| 1.14| 59.6 | 882.0

18 ] 11/8 | 21:50] A4 | 40 | 2.21| 123.9] 906.7

19 | 11/8 | 22:30] A4 | 40 | 4.42] 250.9] 903.9

2 | 11/12 ] 13:1H A3| 40] - - - tunnel didnt reach FC

21 | 11/12 ) 13:55) A-3| 40] 1.14] 59.4 | 880.3

2 | 11/12 | 14408 A3| 40] 2.24| 124.7| 904.0

23 | 11/12 | 15:30} A-3| 40] 4.41] 251.9| 907.9

24 | 11/12| 16:25] A5| 40] 1.17] 61.0| 881.1

2 | 11/12| 17:.05) A5| 40] 2.27| 126.3| 903.1
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Table 4: (Continued)

Run| Date Time | Mode] AOpA Re | P T, Trip O Notes[]
(1996) deg | x10ft| psi R Location k, in | W, id 0O,deg Multiple

26 | 11/12| 17:35) A5| 40] 4.40| 251.8| 908.9

27 | 11/12| 18408 A6| 40] 1.17] 60.9 | 879.4

28 | 11/12| 19:10f A6| 40] 2.25] 125.7| 905.1

29 | 11/12 | 19:40F A6| 40] 4.38] 252.8| 913.1

30 | 1112 | 20:500 A-2| 40) - - - TP system crash-lost datg]

31 | 11/12 | 21:20f A-2| 40] 4.43| 253.2| 906.9

ROUGHNESS EFFECTS FOR MODEL #2 AT AOA =40

32 | 11712 | 22:30] A-2| 40| 4.45] 254.2| 906.4 E 0.0024 0.0 45

33 ] 11712 | 23:000 A-2| 40| 4.44] 253.7| 907.94 E 0.005{ 0.05[ 45 slight model yaw?

34 | 11/13 ] 13:05 A-2| 40] 4.39] 251.8( 909.] E 0.005{ 0.05[ 45 fixed yaw, repeat R33

3H | 11/13 | 14:25] A-2| 40| 4.50| 252.7| 897.7 new baseline without trip

36 | 11/13 | 15115 A-2| 40] 4.39| 251.9( 909.9 E 0.005{ 0.05[ 45

37 ] 11/13| 1545] A-2| 40| 3.21] 181.2| 904.94 E 0.005{ 0.05[ 45

3B ] 11/13 | 16:25] A-2| 40| 2.22| 124.5| 906.1] E 0.005{ 0.05[ 45

30 | 11/23| 17:.000 A-2| 40| 2.73| 154.4| 907.1} E 0.005{ 0.05[ 45

40 | 11/23| 17:40F A-2| 40| 3.19] 180.3| 906.4 E 0.007§4 0.0 45

41 | 11/13 | 18:100 A-2| 40| 2.24] 125.4|] 905.04 E 0.007§4 0.0 45

42 ] 11/13| 18:40] A-2| 40] 1.17| 60.9 | 879.5] E 0.00794 0.0 45

43 | 11/13 | 19140 A-2| 40] 1.60| 84.9 [ 883.9] E 0.00794 0.0 45

44 | 11/13| 21:.05] A-2| 40] 4.41| 252.2 907.4 D 0.0024 0.0 45

45 | 11/13| 21:40] A-2| 40] 4.38| 250.1 907.1)} D 0.005| 0.05| 45

46 | 11/13| 22:100 A-2| 40] 3.22| 181.3| 903.3 D 0.005| 0.05| 45

47 | 11/13| 22:50] A-2| 40] 2.23| 124.9| 905.4 D 0.005| 0.05| 45

48 | 11/14 | 18:100 A-2| 40] 2.78| 156.7( 905.4 D 0.005| 0.05| 45

49 | 11/14 | 18:45] A-2| 40| 2.54| 142.3| 904.3 D 0.005| 0.05| 45

5 | 11/14 ] 19:20f A-2| 40] 3.22| 182.9] 907.]] D 0.007§4 0.0 45

51 | 11/14 ] 19:55) A-2| 40] 2.27] 126.5| 903.1] D 0.007§4 0.0 45

52 run # skipped by mistake

53 | 11/14 | 21:20f A2| 40] 1.17]| 61.4| 881.3} D 0.00794 0.0 45

54 | 11/14 | 22:00f A-2]| 40] 1.63| 86.7 | 883.7] D 0.00794 0.0 45

5 | 11/15] 9:35 | A2 | 40 | 4.44] 253.0] 9054 C 0.0024 0.0 45

5 | 11/15| 10:35) A-2| 40] 3.21) 181.4| 905.94 C 0.0024 0.0 45

57 | 11/15] 11:25) A-2| 40] 3.68] 211.6] 912.]] C 0.0024 0.0 45

58 | 11/15] 12:408 A-2| 40] 4.45] 252.9] 903.9 C 0.0024 0.0 45

5 | 11/15] 14:00f A-2| 40] 3.75] 212.6] 904.1 C 0.0024 0.0 45

60 | 11/15| 15:00f A-2| 40] 3.18) 180.4| 907.04 C 0.005{ 0.05[ 45

61 | 11/15| 1550F A-2| 40] 2.25] 125.8] 904.54 C 0.005{ 0.05[ 45

62 | 11/15| 1645 A-2| 40] 1.59| 84.7 | 885.1] C 0.005| 0.05| 45

63 | 11/15] 17:20f A-2| 40] 2.49] 139.7| 905.§4 C 0.005{ 0.05[ 45

64 | 11/15| 18:05) A-2| 40] 2.24| 125.6] 906.54 C 0.007§4 0.0 45

65 | 11/15| 19:05) A-2| 40] 1.15] 60.1 | 879.2] C 0.00794 0.0 45

66 | 11/15| 20:20f A-2| 40] 1.61) 85.7 | 883.8] C 0.00794 0.0 45

67 | 11/15| 21:00f A-2| 40] 4.40] 250.9] 906.3 B 0.0024 0.0 45

68 | 11/15] 21:35) A-2| 40] 5.52] 329.7| 929.4 B 0.0024 0.0 45

69 | 11/15] 22:15) A-2| 40] 3.18] 180.2] 906.4 B 0.005| 0.05| 45

70 | 11/18 ] 10:20f A-2| 40] 3.69] 211.6] 911.§ B 0.005| 0.05| 45

71 | 11/18 ] 11:050 A-2| 40] 2.24] 125.1] 903.71 B 0.007§4 0.0 45

72 | 11/18 ] 11:30f A-2| 40] 1.60| 84.9 | 884.4] B 0.00794 0.0 45

73 | 11/18 | 13:104 A-2| 40] 3.20] 180.8] 905.44 B 0.007§4 0.0 45

74 | 11/18 | 14:00f A-2| 40] 4.44] 252.0]1 903.71 B 0.0024 0.0 45

75 | 11/18 ] 16:20f A-2| 40] 3.20] 181.2] 906.1 B 0.002§ 0.03 45
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Table 4: (Continued)

Run| Date Time | Mode] AOpA Re | P T, Trip O Notes[]
(1996) deg | x10ft| psi R Location k, in | W, id 0O,deg Multiple
76 | 11/18| 17200 A-2| 40)] - - - - - - - - TP system crash-lost dat
77 | 11/18| 18:000 A-2| 40)] - - - - - - - - TP system crash-lost datﬂ
78 | 11/18 | 18:40F A-2| 40| 2.23] 125.5|] 909.3 B 0.005| 0.05| 45
79 | 11/18| 20:3f A-2| 40)] - - - - - - - - TP system crash-lost datg]
8 | 11/18 | 21:00f A-2| 40] 3.22| 182.2f 906.] B 0.005| 0.05| 45
8L | 11/18 | 22:00f A-2| 40] 3.79| 213.4f 900.§ B 0.005| 0.05| 45
82 | 11/18 | 22:35) A-2| 40] 4.47| 253.7( 904.00 B 0.005| 0.05| 45
83 | 11/19| 13:45) A-2| 40] 4.26| 248.6] 919.1 A 0.002§ 0.04 45
84 | 11/19| 14:25 A-2| 40] 4.41| 252.4 907.1 A 0.005| 0.05[ 45
8 | 11/19| 15300 A-2| 40] - - - - - - - - TP system crash-lost datg]
8 | 11/19| 18:00f A-2| 40] 4.41| 250.6f 904.5§ A 0.007§ 0.04 45
87 | 11/19| 18:45f A-2| 40] 3.18]| 180.4f 906.3 A 0.007§ 0.04 45
ROUGHNESS REPEATS FOR MODEL # 2
88 | 11/19| 20:500 A-2| 40| 3.71] 210.6| 905.4 E 0.005{ 0.05[ 45
8 | 11/19| 21:35] A-2| 40| 2.49] 139.9| 906.4 E 0.005{ 0.05[ 45
0 | 11/19 ] 22:208 A-2| 40] 2.23] 124.6] 905.9 E 0.005{ 0.05[ 45
91 | 11/19 ] 23:05 A-2| 40] 1.59]| 85.3 | 888.8] E 0.005| 0.05| 45
92 | 11/20 | 16:20F A-2| 40] 2.54] 141.7] 902. D 0.007§4 0.0 45
93 | 11/20 | 16:508 A-2| 40] 1.87] 102.0| 894.1 D 0.007§4 0.0 45
A | 11/20 | 17:35) A2]| 40] 1.17]| 61.5| 881.3} D 0.00794 0.0 45
9% | 11/20 | 18:15) A-2| 40] 3.76] 213.8] 906.3 B 0.0024 0.0 45
% | 11/20 | 18:40F A-2| 40] 3.18] 180.2] 907.§4 B 0.0024 0.0 45
ROUGHNESS REPEATS ON MODEL # 1
97 | 11/20 | 20:00f A-1| 40] 4.48] 255.7| 906.8
98 | 11/20 | 20:30] A-1] 40] 3.71] 211.9] 909.0 E 0.005{ 0.05[ 45
P | 11/20| 21:100 A-1l]| 40] 2.45] 140.0] 450 E 0.005| 0.05]| 45 lost pitot, use calibration
100] 11/20| 21:400 A-1] 40] 2.52| 142.0] 907.00 E 0.005 0.05] 45 trip fell off prior to run...
101§ 11/20| 22:3Q4 A-1| 40| 2.48] 141.1| 911.9 E 0.005 0.05| 45 lost trip again, kapton not]
sticking to this model
ROUGHENESS REPEATS ON MODEL # 3
102] 11/21| 1534 A-3] 40] 3.70| 211.2] 909.3 E 0.005{ 0.05[ 45
103] 11/21| 16:3§ A-3] 40] 2.48| 139.1] 906.] E 0.005{ 0.05[ 45
104] 11/21| 171§ A-3] 40] 3.19| 179.9] 904.3 E 0.005{ 0.05[ 45
105] 11/21| 17500 A-3] 40] 3.20| 181.1] 905.4 D 0.005| 0.05| 45
106] 11/21| 18:300 A-3] 40] 2.24| 125.7] 906.4 D 0.005| 0.05| 45
107] 11/21| 19:000 A-3] 40] 1.60| 85.2 | 885.6] D 0.005] 0.05] 45
108] 11/21| 20:200 A-3] 40] 3.73] 212.0] 906.5y D 0.005| 0.05| 45
109] 11/21| 20554 A-3] 40] 3.72| 211.3] 906.1] B 0.005| 0.05| 45
110] 11/21| 21:300 A-3] 40] 2.51| 140.1] 902. B 0.005| 0.05| 45
111] 11/21| 22:04 A-3] 40] 2.24| 124.6] 903.4 B 0.005] 0.05] 45
TRIP SIZE EFFECTS ON MODEL # 3
112 11/21| 225554 A-3| 40] 2.25| 126.0] 904.94 D 0.005] 0.1 45
113) 11/22| 10300 A-3| 40] 1.62| 85.8|883.04 D 0.005| 0.1] 45
114) 11/22| 11:10 A3| 40} 1.17| 60.8 | 8777} D 0.005| 0.1] 45
115) 11/22| 12400 A-3| 40} 3.70| 210.2] 906.64 D 0.005] 0. 45
116 11/22| 131§ A-3| 40] 2.24| 124.6] 903.00 D 0.005] 0.2 45
117) 11/22| 143§ A3| 40] 1.59| 85.2|887.04 D 0.005| 0.2 45
118] 11/22| 151194 A-3| 40} 3.74| 211.6] 903.4 D 0.005] 0.2 45
119] 11/22| 155500 A-3| 40} 2.25| 126.2] 906.94 D 0.005| 04 4
120) 11/22| 162294 A-3| 40] 1.60| 85.4]888.0) D 0.005| 0.4| 45
121) 11/22| 17:00 A3| 40} 1.86| 101.3| 894.4 D 0.005] 04 4

=
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Table 4: (Continued)

Run| Date Time | Mode] AOpA Re | P T, Trip O Notes[]
(1996) deg | x10ft| psi R Location k, in | W, id 0O,deg Multiple

122) 11/22| 17:3§ A-3| 40] 3.76| 213.5] 905.04 D 0.005] 0.4 45

123] 11/22| 18:100 A-3| 40} 3.21| 181.9] 907.4 D 0.005] 0.4 45

124] 11/22| 1849 A-3| 40| 4.48| 254.5| 903.64 D 0.005] 0.4 45

125]) 11/22| 20:1§ A-3| 40] 1.60| 86.1] 889.1} D 0.005]| 0.1] 45

TRIP ORIENTATION EFFECTS ON MODEL # 3

126 11/22 | 20500 A-3] 40] 2.25] 126.4] 906.5y D 0.005] 04 O

127] 11/22 | 21:200 A-3] 40] 3.19] 181.2] 907.5y D 0.005] 04 O

1281 11/22| 21500 A-3 2.24) 125.8| 907.1}] D 0.005] 0.4 15

1291 11/22 | 22:24 A3 2.26] 126.3] 904.31 D 0.005 0.4 30

MULTIPLE TRIP EFFECTS ON MODEL # 3

130] 11/22 | 23:1§ A-3] 40] 2.26| 126.0] 904.§4 D 0.005] 0.4 45 1,2

131] 11/25| 9:20 | A3 | 40 | 2.22| 125.0] 908.3 D 0.005 0.4 45 1,2,3

132] 11/25| 10:200 A-3] 40] 2.23| 124.7] 906.3 D 0.005 0.4 45 1,34

133] 11/25| 11:3Q0 A-3] 40] 2.23| 125.1] 908.q D,C 0.005§ 0.4 45| 1,3,4,5

134] 11/25| 12500 A-3] 40] 2.21] 125.0] 9109 D 0.005] 0.4 45 3,4

135] 11/25| 13:200 A-3] 40] 2.24| 125.5] 905.§ D 0.005 0.4 45 3,4,6

136] 11/25| 14:000 A-3] 40] 2.23| 125.4] 908.§4 D 0.005 0.4 45| 1,3,4,6

137] 11/25| 15:10 A-3] 40] 2.25] 126.4] 907.§4 D 0.005] 04 O

1381 11/26| 9:10 | A3 | 40 | 2.22| 125.0] 908.] D 0.005] 04 O 1,2

139] 11/26 | 10:1Q0 A-3] 40] 2.22| 125.1] 908.4 D 0.005] 0.4 O 1,2,3

1401 11/26 | 11:1QQ A-3] 40] 2.21| 125.3] 912.1) D,E,C| 0.005]| 04| O | 1,2,3,4

BASELINE DATA FOR ALL 6 MODELS AT AOA = 3C°

141) 11/26| 13:51) A3| 30} 1.17| 60.8 | 877.9

142) 11/26 | 14:3Q0 A-3| 30} 2.25]| 125.9] 906.7

143] 11/26| 15:03 A-3| 30} 4.35] 249.9] 910.9

144) 11/27| 9:115 | A1 | 30 ] 1.15] 60.2| 882.9

145] 11/27| 10:17 A-1| 30] 2.24| 125.8| 906.3

146] 11/27| 10144 A-1| 30} 4.39| 251.5| 908.2

147) 11/27| 11:11) A-2| 30] 1.14( 60.0 | 883.6] B 0.0024 0.04 45

148] 12/2 | 10:21) A2 | 30| 1.16| 60.5 | 878.4

149] 12/2 | 10:53] A2 | 30 ] 2.21| 124.6] 908.9

1500 12/2 | 11:18] A2 | 30 | 4.34| 249.9] 911.8

151) 12/2 | 13:01) A4 | 30| 1.14( 59.8 | 881.8

152) 12/2 | 13:43] A4 | 30 | 2.24| 125.3] 906.5

153) 12/2 | 14:25] A4 | 30 ]| 4.42| 251.9] 905.3

154) 12/2 | 1456] A5 | 30 ] 1.16]| 60.3 | 879.7

155§ 12/2 | 1540} A5 | 0 | - - - - - - - - TPRsystem did not trigger

156] 12/2 | 16:20] A5 | 30 ] 2.21| 124.5] 909.8

157] 12/2 | 16:55] A5 | 30 | 4.35] 251.1] 913.2

158) 12/2 | 17:30) A6 | 30| 1.16| 60.3 | 877.6

159] 12/2 | 18:15] A6 | 30 ] 2.21| 124.0] 906.4

160) 12/2 | 18:40] A6 | 30 ] 4.40| 251.6] 908.1

BASELINE DATA FOR ALL 6 MODELS AT AOA =20

161) 12/2 | 21:16) A1 | 20| 1.17| 61.0 | 877.9

162) 12/2 | 22:15] A1 | 20 | 1.15( 60.2 | 880.3

163] 12/2 | 22:52] A1 | 20 ] 1.15] 59.9 | 880.1

164] 12/3 9553 ) Al| 20] 4.44 251.0] 901.1

165] 12/3 | 10:45] A1 | 20 | 2.24| 124.5] 902.9

166] 12/3 | 11:14) A2 | 20| 1.17| 61.0 | 877.9

167] 12/3 | 12:38] A2 | 20 | 2.25| 125.5] 904.2

168] 12/3 | 13:16] A2 | 20 | 4.47| 252.7] 901.9
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Table 4: (Continued)

Run| Date Time | Mode
(1996)

Re | P T, Trip O Notes[]
x10ft| psi R Locatior k, in | W, inO,deg Multiple

169] 12/3 | 13:45] A3 1.15| 60.1 | 879.7

170) 12/3 | 14:29] A3 2.22| 123.7f 903.1

171) 12/3 | 15:01] A3 4.39] 250.3] 905.7

172] 12/3 | 1531] A4 1.15| 60.2 | 879.7

173] 12/3 | 16:02] A4 2.23| 124.6( 906.2

SIS 1N s

1741 12/3 | 16:32] A4 4.40| 253.2] 910.7

ORefer to Fig. 8 and/or Table 2 for x/L value of locations; Refer to Fig. 10 for sketch of multiple trip configurationg k is th

trip height, W is the trip width, and O is the trip orientation

OFC refers to tunnel flow conditions, TP refers to thermographic phosphors

Table 5: Run log of Test 6739 conducted in the LaRC 20-Inch Mach 6 Tunnel.

Runl Date | Model | ACA] Re P To Trip O Notes[]
(1997) deg x10ft | psi R Locatiop k, in | W, i 0O,deg | Multipld

1 1/23 B-3 40 2.2 125 910

2 1/23 B-3 40 4.4 250 910

3 1/23 B-3 40 1.1 60 885

4 1/23 B-3 40 2.2 125 910 leeside only

5 1/23 B-3 30 2.2 125 910

6 1/24 B-1 30 2.2 125 910

7 1/24 B-1 40 2.2 125 910

8 1/24 B-1 20 2.2 125 910

9 1/24 B-3 20 2.2 125 910

10 | 1/24 B-3 40 2.2 125 910 D 0.00p 04 45

11 | 1/24 B-3 40 4.4 250 910 D 0.00p O4 45 Trip peeled up during run

12 | 1/24 B-3 40 2.2 125 910 C 0.00p0.05| 45
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X-23 (SV-5D)
(2.0 <M < 25.0)

X-24A
(0.2<M<1.6)

Figure 1. Comparison of X-23 and X-24A flight vehicles.
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Figure 2. Preliminary X-38 trgectory
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Schlieren

Settling 20 x 20 inch windows

chamber test section

—>
To
Vacuum
h
Variable sphere
Model second
injection system minimum
sector
Nominal Mach number: 6.0 Total pressure (psia): 30to 475
Reynolds number (x 106/ft): 0.5t0 8 Total temperature (°R): 810to 1018
Dynamic pressure (psf): 69 to 1264 Run time (minutes): 1to 15

Figure 3. Schematic of NASA Langley 20-Inch Mach 6 Tunnel.
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Image Hardcopy

Figure 4. Schematic of phosphor thermography system.
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8.688
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Figure5. X-38 model dimension.

Figure 6. Photograph of the 6 model configurations.
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Figure 7. Photographs of amodel installed in the 20-Inch Mach 6 Tunnel.
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Notes: (1) See Table 2 for fiducial mark locations
(2) Waterline is defined as being through the nose and parallel to Windward surface flat
(3) Numbered fiducials were applied with a coordinate measurement machine
prior to testing using the reference dimensions L=10.25 in and b=5.01 in
(4) Lettered fiducials correspond to trip locations, most were added during the
tunnel entry and measured post-test

PORTSIDE VIEW +4

LEESIDE VIEW

WINDSIDE VIEW

C.L.

Figure 8. Sketch of trip locations and fiducial marks.
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Width Orientation

Il Centerline of
Model

Fiducial Mark
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Figure 9. Sketch of trips showing size and orientation.
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Multiple-Trip Configurations for Diamond Orientation Cases
T6735 Runs 130-136

Multiple-Trip Configurations for Square Orientation Cases
T6735 Runs 137-140

Figure 10. Sketch of multiple trip configurations.
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Run # 8
Windward View
Model # 6

LBF @ 25°

o =40°

Re /ft = 1.1x10°
Baseline, no trip

Run # 9
Windward View
Model # 1

BF @ 0°

a =40°

Re, /ft = 1.1x10°
Baseline, no trip

Run # 10
Windward View
Model # 1

BF @ 0°

o =40°

Re /ft = 2.2x10°
Baseline, no trip



Run # 12
Windward View
Model # 1

BF @ 0°

a =40°

Re, /ft = 4.4x10°
Baseline, no trip

Run # 13
Windward View
Model # 1

BF @ 0°

o =40°

Re /ft = 6.7x10°
Baseline, no trip

Run # 14
Windward View
Model # 2

BF @ 20°

a =40°

Re, /ft = 1.1x10°
Baseline, no trip



Run # 15
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 2.2x10°
Baseline, no trip

Run # 16
Windward View
Model # 2

BF @ 20°

a =40°

Re, /ft = 4.4x10°
Baseline, no trip

Run # 17
Windward View
Model # 4

BF @ 30°

o =40°

Re /ft = 1.1x10°
Baseline, no trip



Run # 18
Windward View
Model # 4

BF @ 30°

o =40°

Re /ft = 2.2x10°
Baseline, no trip

Run # 19
Windward View
Model # 4

BF @ 30°

a =40°

Re, /ft = 4.4x10°
Baseline, no trip

Run # 21
Windward View
Model # 3

BF @ 25°

a =40°

Re, /ft = 1.1x10°
Baseline, no trip



Run # 22
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 2.2x10°
Baseline, no trip

Run # 23
Windward View
Model # 3

BF @ 25°

a =40°

Re, /ft = 4.4x10°
Baseline, no trip

Run # 24
Windward View
Model #5

RBF @ 20°
LBF @ 25°

a =40°

Re, /ft = 1.1x10°
Baseline, no trip



0.0

Run # 25
Windward View
Model # 5

RBF @ 20°
LBF @ 25°

a =40°

Re, /ft = 2.2x10°
Baseline, no trip

Run # 26
Windward View
Model #5

RBF @ 20°
LBF @ 25°

a =40°

Re /ft = 4.4x10°
Baseline, no trip

Run # 27
Windward View
Model # 6

RBF @ 0°

LBF @ 25°

a =40°

Re /ft = 1.1x10°
Baseline, no trip
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Run # 28
Windward View
Model # 6

RBF @ 0°

LBF @ 25°

o =40°

Re /ft = 2.2x10°
Baseline, no trip

Run # 29
Windward View
Model # 6

RBF @ 0°

LBF @ 25°

a =40°

Re, /ft = 4.4x10°
Baseline, no trip

Run # 31
Windward View
Model # 2

BF @ 20°

a =40°

Re, /ft = 4.4x10°
Baseline, no trip
Repeat of Run 16

—] h/href
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Run # 32
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 4.4x10°
0.0025-in. Trip
@ x/IL = 0.5

Run # 33
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 4.4x10°
0.0050-in. Trip
@ x/IL =0.5

Run # 34
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 4.4x10°
0.0050-in. Trip
@ x/L = 0.5
Fixed yaw
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Run # 35
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 4.4x10°
Baseline repeat

Run # 36
Windward View
Model # 2

BF @ 20°

a =40°

Re, /ft = 4.4x10°
0.0050-in. Trip
@ x/L =0.5
Repeat Run 34

Run # 37
Windward View
Model # 2

BF @ 20°

o = 40°

Re /ft = 3.3x10°
0.0050-in. Trip
@ x/L = 0.5
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Run # 38
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 2.2x10°
0.0050-in. Trip
@ x/IL = 0.5

Run # 39
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 2.7x10°
0.0050-in. Trip
@ x/IL = 0.5

Run # 40
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 3.3x10°
0.0075-in. Trip
@ x/L =0.5

-I h/href



Run # 41
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 2.2x10°
0.0075-in. Trip
@ x/IL = 0.5

Run # 42
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 1.1x10°
0.0075-in. Trip
@ x/IL = 0.5

Run # 43
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 1.6x10°
0.0075-in. Trip
@ x/L =0.5



Run # 44
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 4.4x10°
0.0025-in. Trip
@ x/L =0.3

Run # 45
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 4.4x10°
0.0050-in. Trip
@ x/L =0.3

Run # 46
Windward View
Model # 2

BF @ 20°

o = 40°

Re /ft = 3.3x10°
0.0050-in. Trip
@ x/L = 0.3



Run # 47
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 2.2x10°
0.0050-in. Trip
@ x/L =0.3

Run # 48
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 2.8x10°
0.0050-in. Trip
@ x/L =0.3

Run # 49
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 2.4x10°
0.0050-in. Trip
@ x/L =0.3



Run # 50
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 3.3x10°
0.0075-in. Trip
@ x/L =0.3

Run # 51
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 2.2x10°
0.0075-in. Trip
@ x/L =0.3

Run # 53
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 1.1x10°
0.0075-in. Trip
@ x/L =0.3
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Run # 54
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 1.6x10°
0.0075-in. Trip
@ x/L =0.3

Run # 55
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 4.4x10°
0.0025-in. Trip
@ x/L =0.2

Run # 56
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 3.3x10°
0.0025-in. Trip
@ x/L = 0.2




Run # 57
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 3.8x10°
0.0025-in. Trip
@ x/L = 0.2

Run # 58

Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 4.4x10°
New 0.0025-in. Trip
@ x/L =0.2

Run # 59

Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 3.8x10°
New 0.0025-in. Trip
@ x/L = 0.2

0.0 0.2 0.4 0.6 0.8 1.0
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Run # 60
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 3.3x10°
0.0050-in. Trip
@ x/L = 0.2

Run # 61
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 2.2x10°
0.0050-in. Trip
@ x/L =0.2

Run # 62
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 1.6x10°
0.0050-in. Trip
@ x/L = 0.2



Run # 63
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 2.5x10°
0.0050-in. Trip
@ x/L = 0.2

Run # 64
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 2.2x10°
0.0075-in. Trip
@ x/L =0.2

Run # 65
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 1.1x10°
0.0075-in. Trip
@ x/L = 0.2
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Run # 66
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 1.6x10°
0.0075-in. Trip
@ x/L = 0.2

Run # 67
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 4.4x10°
0.0025-in. Trip
@ x/L =0.1

Run # 68
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 5.4x10°
0.0025-in. Trip
@ x/L =0.1




Run # 69
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 3.3x10°
0.0050-in. Trip
@ x/L =0.1

Run # 70
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 4.4x10°
0.0050-in. Trip
@ x/L =0.1

Run# 71
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 2.2x10°
0.0075-in. Trip
@ x/L =0.1
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Run# 72
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 1.6x10°
0.0075-in. Trip
@ x/L =0.1

Run # 73
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 3.3x10°
0.0075-in. Trip
@ x/L =0.1

Run # 74
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 4.4x10°
0.0025-in. Trip
@ x/L =0.1
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Run # 75
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 3.3x10°
0.0025-in. Trip
@ x/L =0.1

Run # 78
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 2.2x10°
0.0050-in. Trip
@ x/L =0.1

Run # 80
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 3.3x10°
0.0050-in. Trip
@ x/L =0.1
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Run # 81
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 3.8x10°
0.0050-in. Trip
@ x/L =0.1

Run # 82
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 4.4x10°
0.0050-in. Trip
@ x/L =0.1

Run # 83
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 4.4x10°
0.0025-in. Trip
@ x/L =0.02
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Run # 84
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 4.4x10°
0.0050-in. Trip
@ x/L =0.02

Run # 86
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 4.4x10°
0.0075-in. Trip
@ x/L =0.02

Run # 87
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 3.3x10°
0.0075-in. Trip
@ x/L = 0.02




Run # 88
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 3.8x10°
0.0050-in. Trip
@ x/IL = 0.5

Run # 89
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 2.4x10°
0.0050-in. Trip
@ x/IL =0.5

Run # 90
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 2.2x10°
0.0050-in. Trip
@ x/L =0.5
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Run # 91
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 1.6x10°
0.0050-in. Trip
@ x/IL = 0.5

Run # 92
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 2.4x10°
0.0075-in. Trip
@ x/L =0.3

Run # 93
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 1.9x10°
0.0075-in. Trip
@ x/L =0.3
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Run # 94
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 1.1x10°
0.0075-in. Trip
@ x/L =0.3

Run # 95
Windward View
Model # 2

BF @ 20°

o =40°

Re, /ft = 3.8x10°
0.0025-in. Trip
@ x/L =0.1

Run # 96
Windward View
Model # 2

BF @ 20°

o =40°

Re /ft = 3.3x10°
0.0025-in. Trip
@ x/L =0.1
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Run # 97
Windward View
Model # 1

BF @ 0°

o =40°

Re /ft = 4.4x10°
Baseline Repeat

Run # 98
Windward View
Model # 1

BF @ 0°

o =40°

Re, /ft = 3.8x10°
0.0050-in. Trip
@ x/IL =0.5

Run # 102
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 3.8x10°
0.0050-in. Trip
@ x/L =0.5
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Run # 103
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 2.5x10°
0.0050-in. Trip
@ x/IL = 0.5

Run # 104
Windward View
Model # 3

BF @ 25°

o =40°

Re, /ft = 3.3x10°
0.0050-in. Trip
@ x/IL =0.5

Run # 105
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 3.3x10°
0.0050-in. Trip
@ x/L =0.3
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Run # 106
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 2.2x10°
0.0050-in. Trip
@ x/L =0.3

Run # 107
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 1.6x10°
0.0050-in. Trip
@ x/L =0.3

Run # 108
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 3.8x10°
0.0050-in. Trip
@ x/L =0.3
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Run # 109
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 3.8x10°
0.0050-in. Trip
@ x/L =0.1

Run # 110
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 2.5x10°
0.0050-in. Trip
@ x/L =0.1

Run # 111
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 2.2x10°
0.0050-in. Trip
@ x/L =0.1




Run # 112
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 2.2x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.1-in.

Run # 113
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 1.6x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.1-in.

Run # 114
Windward View
Model # 3

BF @ 25°

o = 40°

Re /ft = 1.1x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.1-in.
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Run # 115
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 3.8x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.1-in.

Run # 116
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 2.2x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.2-in.

Run # 117
Windward View
Model # 3

BF @ 25°

o = 40°

Re /ft = 1.6x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.2-in.
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Run # 118
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 3.8x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.2-in.

Run # 119
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 2.2x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.4-in.

Run # 120
Windward View
Model # 3

BF @ 25°

o = 40°

Re /ft = 1.6x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.4-in.
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Run # 121
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 1.9x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.4-in.

Run # 122
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 3.8x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.4-in.

Run # 123
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 3.3x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.4-in.
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Run # 124
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 4.4x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.4-in.

Run # 125
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 1.6x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.1-in.
Repeat

Run # 126
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 2.2x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.4-in.
Orientation = 0°
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Run # 127
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 3.3x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.4-in.
Orientation = 0°

Run # 128
Windward View
Model # 3

BF @ 25°

o = 40°

Re /ft = 2.2x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.4-in.
Orientation = 15°

Run # 129
Windward View
Model # 3

BF @ 25°

o = 40°

Re /ft = 2.2x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.4-in.
Orientation = 30°
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Run # 130
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 2.2x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.4-in.
Orientation = 45°

Run # 131
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 2.2x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.4-in.
Orientation = 45°

Run # 132
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 2.2x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.4-in.
Orientation = 45°




Run # 133
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 2.2x10°
0.0050-in. Trip
@ x/L = 0.3
Width = 0.4-in.
Orientation = 45°

Run # 134
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 2.2x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.4-in.
Orientation = 45°

Run # 135
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 2.2x10°
0.0050-in. Trip
@ x/L = 0.3
Width = 0.4-in.
Orientation = 45°



Run # 136
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 2.2x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.4-in.
Orientation = 45°

Run # 137
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 2.2x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.4-in.
Orientation = 0°

Run # 138
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 2.2x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.4-in.
Orientation = 0°
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Run # 139
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 2.2x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.4-in.
Orientation = 0°

Run # 140
Windward View
Model # 3

BF @ 25°

o =40°

Re /ft = 2.2x10°
0.0050-in. Trip
@ x/L =0.3
Width = 0.4-in.
Orientation = 0°

Run # 141
Windward View
Model # 3

BF @ 25°

o =30°

Re /ft = 1.2x10°
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Run # 142
Windward View
Model # 3

BF @ 25°

o =30°

Re /ft = 2.2x10°

Run # 143
Windward View
Model # 3

BF @ 25°

o =30°

Re /ft = 4.4x10°

Run # 144
Windward View
Model # 1

BF @ 0°

o =30°

Re /ft = 1.1x10°
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Run # 145
Windward View
Model # 1

BF @ 0°

o =30°

Re /ft = 2.2x10°

Run # 146
Windward View
Model # 1

BF @ 0°

o =30°

Re /ft = 4.4x10°

Run # 147
Windward View
Model # 2

BF @ 20°

o =30°

Re /ft = 1.1x10°
0.0025-in. Trip
@ x/L =0.1



Run # 148
Windward View
Model # 2

BF @ 20°

o =30°

Re /ft = 1.1¢x10°

Run # 149
Windward View
Model # 2

BF @ 20°

o =30°

Re /ft = 2.2x10°

Run # 150
Windward View
Model # 2

BF @ 20°

o =30°

Re /ft = 4.4x10°



Run # 151
Windward View
Model # 4

BF @ 30°

o =30°

Re /ft = 1.1x10°

Run # 152
Windward View
Model # 4

BF @ 30°

o =30°

Re /ft = 2.2x10°

Run # 153
Windward View
Model # 4

BF @ 30°

o =30°

Re /ft = 4.4x10°
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Run # 154
Windward View
Model #5

RBF @ 20°
LBF @ 25°

o =30°

Re /ft = 1.1x10°

Run # 156
Windward View
Model #5

RBF @ 20°
LBF @ 25°

o =30°

Re /ft = 2.2x10°

Run # 157
Windward View
Model #5

RBF @ 20°
LBF @ 25°

o =30°

Re /ft = 4.4x10°



Run # 158
Windward View
Model # 6

RBF @ 0°

LBF @ 25°

o =30°

Re /ft = 1.1x10°

Run # 159
Windward View
Model # 6

RBF @ 0°

LBF @ 25°

o =30°

Re /ft = 2.2x10°

Run # 160
Windward View
Model # 6

RBF @ 0°

LBF @ 25°

o =30°

Re /ft = 4.4x10°
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Run # 161
Windward View
Model # 1

BF @ 0°

o =20°

Re /ft = 1.1x10°

Run # 162
Windward View
Model # 1

BF @ 0°

o =20°

Re /ft = 1.1x10°
Repeat

Run # 163
Windward View
Model # 1

BF @ 0°

o =20°

Re /ft = 1.1x10°
Repeat
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Run # 164
Windward View
Model # 1

BF @ 0°

o =20°

Re /ft = 4.4x10°

Run # 165
Windward View
Model # 1

BF @ 0°

o =20°

Re /ft = 2.2x10°

Run # 166
Windward View
Model # 2

BF @ 20°

o =20°

Re /ft = 1.1x10°
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Run # 167
Windward View
Model # 2

BF @ 20°

o =20°

Re /ft = 2.2x10°

Run # 168
Windward View
Model # 2

BF @ 20°

o =20°

Re /ft = 4.4x10°

Run # 169
Windward View
Model # 3

BF @ 25°

o =20°

Re /ft = 1.1x10°
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Run # 170
Windward View
Model # 3

BF @ 25°

o =20°

Re /ft = 2.2x10°

Run# 171
Windward View
Model # 3

BF @ 25°

o =20°

Re /ft = 4.4x10°

Run # 172
Windward View
Model # 4

BF @ 30°

o =20°

Re /ft = 1.1x10°
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Run # 173
Windward View
Model # 4

BF @ 30°

o =20°

Re /ft = 2.2x10°

Run # 174
Windward View
Model # 4

BF @ 30°

o =20°

Re /ft = 4.4x10°
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TEST 6739 RUN 1
a=40° Reco/ft = 2.2X106
BF@ 25°
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TEST 6739 RUN 2
a=40° Reoo/ft = 4.4X106
BF@ 25°
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TEST 6739 RUN 3
a=40° Reoo/ft = 1.1X106
BF@ 25°
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TEST 6739 RUN 4
a=40° Reco/ft = 2.2X106
BF@ 25°
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TEST 6739 RUN 5
a=30° Reco/ft = 2.2X106
BF@ 25°
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TEST 6739 RUN 6
a=30° Reco/ft = 2.2X106
BF@ 0°
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TEST 6739 RUN 7
a=40° Reco/ft = 2.2X106
BF@ 0°
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TEST 6739 RUN 8
a=20° Reco/ft = 2.2X106
BF@ 0°
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TEST 6739 RUN 9
a=20° Reco/ft = 2.2X106
BF@ 25°
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TEST 6739 RUN 10
a=40° Reco/ft = 2.2X106
BF@ 25° Trip@ x/L=0.3, W=0.4", k=0.005"
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TEST 6739 RUN 11
a=40° Reo/ft = 4.4X106
BF@ 25° Trip@ x/L=0.3, W=0.4", k=0.005" (peeled up)
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TEST 6739 RUN 12
a=40° Reoo/ft = 2.2X106
BF@ 25° Trip@ x/L=0.2, W=0.05", k=0.005"
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SIDE VIEW

TEST 6739 RUN 1
a=40° Reco/ft = 2.2X106
BF@ 25°
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SIDE VIEW

TEST 6739 RUN 2
a=40° Reoo/ft = 4.4X106
BF@ 25°
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WINDWARD VIEW

SIDE VIEW

TEST 6739 RUN 3
o =40° Recol/ft = 1.1X106
BF @ 25°
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MAGNIFIED LEESIDE VIEW

TEST 6739 RUN 4
o =40° Reco/ft = 2.2X106
BF@ 25° Repeat of RUN 1
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SIDE VIEW

TEST 6739 RUN 5
a=30° Reoo/ft = 2.2X106
BF@ 25°
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WINDWARD VIEW

SIDE VIEW
TEST 6739 RUN 6

a=30° Reco/ft = 2.2X106
BF@ O°
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WINDWARD VIEW

SIDE VIEW

TEST 6739 RUN 7
a=40° Reo/ft = 2.2X106

BF@ 0°
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SIDE VIEW

TEST 6739 RUN 8
a=20° Reco/ft = 2.2X106
BF@ O°
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SIDE VIEW

TEST 6739 RUN 9
a=20° Reo/ft = 2.2X106
BF@ 25°
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TEST 6739 RUN 10
a = 40° Re /ft = 2.2X10°
BF@ 25° Trip@ x/L=0.3, W=0.4", k=0.005"

TEST 6739 RUN 11
a =40° Re /ft = 4.4X10°
BF@ 25° Trip@ x/L=0.3, W=0.4", k=0.005" (peeled up)

TEST 6739 RUN 12
a =40° Re /ft = 2.2X10°
BF@ 25° Trip@ x/L=0.2, W=0.05", k=0.005"
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